Background: Premature birth is associated with increased adipose deposition after birth. Standard anthropometry (body weight, length, and head circumference) may not adequately assess fat deposition. Validated methods to assess adiposity are needed to optimize growth quality in preterm infants. The purpose of this study was to identify covariates of infant body fat. Methods: Air displacement plethysmography (ADP), standard anthropometry, and body circumferences were measured at hospital discharge in preterm (n = 28; 31-35 wk postmenstrual age (PMA)) and term (n = 28; 38-41 wks PMA) infants. results: Body weight, length, and head circumference were lower for preterm infants (P < 0.05) at hospital discharge compared with that of term infants. Despite smaller body size and younger PMA, preterm infant percent body fat (%BF) by ADP was 12.33 ± 4.15% vs. 9.64 ± 4.01% in term infants (P = 0.01). Mid-arm circumference (MAC) is a covariate of %BF in both preterm and term infants (adjusted R 2 = 0.49; P < 0.001). In preterm infants alone, MAC accounted for 60.4% of the variability of percent body fat (%BF) by ADP (P < 0.01). conclusions: Preterm infants have increased body fat deposition as they approach term-corrected age, and MAC is a reliable, low-cost measure for monitoring infant body fat deposition in preterm and term infants.
P
remature deliveries account for 12% of the live births in the United States (1, 2) . The American Academy of Pediatrics recommends catch-up growth, defined as weight and length gain greater than the intrauterine growth rate for the gestational age, in the first weeks of life for preterm infants (3, 4) . However, adequately nourishing and promoting proper growth in preterm infants is challenging, and inadequate postnatal growth is often observed in the neonatal intensive care unit. Some studies suggest that the catch-up growth is necessary for preterm infant brain development but may have deleterious consequences for metabolic and cardiovascular health (3) . The American Academy of Pediatrics also recommends that a preterm infant's body composition mimic intrauterine body composition until term age (5) . However, current research demonstrate that preterm infants at term-corrected age have higher total body and/or abdominal fat compared with term infants, suggesting that adequate catch-up growth is not achieved postnatally (5) (6) (7) (8) . Precise determination of body composition in premature infants may aid health professionals in selecting appropriate interventions to ensure proper postnatal growth and development.
It is unclear whether the increased preterm infant adiposity is due to an adaptation to the extrauterine environment and/or a combination of other causes (9) . Theories regarding increased body fat in preterm compared with term infants include fat deposition related to illness, excessive calories administered by the health care team to ensure catch-up growth, maintenance of fluid balance and thermoregulation, or other stress after birth (9) (10) (11) . For example, premature infants have increased circulating levels of cortisol compared with term cohorts (10, 11) . Furthermore, cortisol is commonly associated with stress and has been shown to promote total body/abdominal fat deposition (10, 11) . Overall, increased infant fat deposition is undesirable and is associated with an increased risk of metabolic syndrome, obesity, and diabetes mellitus in later life (12) .
Infant body composition measurements provide insight on growth patterns, diet adequacy, and efficacy of medical interventions (5). Air displacement plethysmography (ADP) is a method for body adiposity measurement that was recently validated in infants (13) . ADP instruments are portable, do not use radiation, are very precise, and have the potential to be a safe and convenient replacement for traditional body composition methods such as magnetic resonance imaging and dual-energy x-ray absorptiometry. However, ADP may not be available in many health care settings, and continuous measurements may be costly to patients. Additional low-risk, body composition methodologies include standard anthropometry (weight, length, and head circumference), body circumferences, and skinfold thicknesses. Studies that evaluate and compare these body composition measurement techniques to assess postnatal growth are needed.
The aims of this study are: (i) to confirm differences in fat distribution in preterm and term infants; (ii) to identify covariates that relate to preterm and term infant body fat; (iii) to determine differences in salivary cortisol between preterm and term infants; and (iv) to document the influence of caloric and protein intake on body composition of preterm infants.
Adiposity in preterm and term infants
Articles We hypothesized that: (i) body fat deposition will be greater in prematurely born infants compared with infants born at term; (ii) percent body fat by ADP will correlate positively with midarm and mid-thigh circumference; tricep, bicep, subscapular, and suprailiac skinfold thickness, and derived anthropometry (BMI, ponderal index); (iii) salivary cortisol will be greater in preterm infants at birth and hospital discharge compared with term infants; and (iv) preterm infant caloric and protein intake will not be correlated with body fat percentage.
RESULTS
There were no statistically significant differences between familial characteristics of preterm and term cohorts ( Table 1) . Maternal age, prepregnancy BMI, and total pregnancy weight gain varied widely in both cohorts. Less than half of the preterm and term mothers (preterm: 35.0%, n = 10; term: 35.0%, n = 10) were classified as overweight or obese (prepregnancy BMI ≥ 25 kg/m 2 ). The majority of the mothers for both preterm and term infants reported taking prenatal vitamins during their pregnancy (82.1%; n = 46). Furthermore, mothers of both cohorts reported similar levels of physical activity before and during pregnancy. The levels of maternal education were high school (30.4%; n = 17), some college/technical school (17.9%; n = 10), bachelor's degree (19.6%; n = 11), associate's degree (16.1%; n = 9), postgraduate degree (10.7%; n = 6), and unfinished high school or other (5.4%; n = 3). Overall, 14.3% (n = 4) of the preterm mothers and 7.1% (n = 2) of the term mothers smoked and/or consumed alcohol during pregnancy. Mothers had a variety of medical conditions, with gestational diabetes being the most common (10.7%; n = 3). The average paternal age was 30.77 y (SD = 7.70 y) for preterm infants and 32.79 y (SD = 6.33 y) for term infants. Paternal obesity for preterm and term infants was 42.9% (n = 12) and 65.4% (n = 17), respectively.
During the study period, 28 preterm infants and 28 term infants were enrolled. The demographic information for preterm and term cohorts at baseline and hospital discharge is summarized in Table 2 . Males represented slightly less than half the sample population in both preterm and term infant cohorts. Birth gestation was 33.34 wk (SD = 0.94 wk) for preterm infants and 39.35 wk (SD = 0.84 wk) for term infants. Additionally, the majority of total infants were of non-Hispanic, Caucasian descent (75.0%; n = 42). All preterm infants and 96.4% (n = 27) term infants were born appropriate for gestational age. The most common indications for maternal preterm labor were unspecified (60.7%; n = 17), pregnancyinduced hypertension/preeclampsia (28.6%; n = 8), placenta acreta (7.1%; n = 2), and infection (3.6%; n = 1). The average Apgar score was 7 (SD = 2) at 1 min and 8 (SD = 1) at 5 min for preterm infants, and the number of weekly measurements ranged from two to six, averaging 3.64 (SD = 1.34).
At discharge, preterm infant body weight, length, and body circumferences were significantly lower than term infants (P < 0.05) using corrected gestational age as a covariate. Also, preterm infant BMI and ponderal index were significantly lower than term infants after adjusting for gestational age ( Table 2) . Subscapular and suprailiac skinfolds were significantly larger in preterm infants compared with term infants Table 3 ).
The average baseline cortisol level for preterm infants was 0.40 μg/dl (SD = 0.38 μg/dl; n = 26), and the average discharge cortisol level was 0.33 μg/dl (SD = 0.52 μg/dl; n = 20), which was not significantly different. The average cortisol level for term infants (0.21 ± 0.23 μg/dl) was significantly lower than that of preterm infants at baseline (P < 0.05; ANOVA) but did not differ from preterm infant levels at discharge.
The average percent body fat of infants tested with the ADP system was 12.33% (SD = 4.15%) for preterm infants and 9.64% (SD = 4.01%) for term infants at discharge and was statistically different upon gestational age correction (P = 0.01; analysis of covariance (ANCOVA); Figure 1) . Table 4 shows the results of the Spearman correlation analysis of preterm and term infants, with the significant positive correlations indicated. In preterm infants, correlation coefficients of mid-arm circumference (MAC), mid-thigh circumference, and suprailiac skinfold were statistically significant. In term infants, significant correlations were obtained except between bicep skinfold thickness and percent body fat. Also, calculated BMI correlated positively with percent body fat in preterm infants (r = 0.44; P < 0.05) and in term infants (r = 0.71; P < 0.001). Lastly, ponderal index correlated with percent body fat in preterm and term infants (r = 0.41 preterm; r = 0.51 term; P < 0.05).
ADP and anthropometric measurements were compared with a stepwise linear regression in preterm and term infants. MAC and suprailiac skinfold were covariates of percent body fat in both preterm and term infants (adjusted R 2 = 0.49 vs. 0.41; P < 0.001). In preterm infants alone, the MAC accounted for 60.4% of the variability of percent body fat by ADP (P = 0.008). Figure 2 shows the comparison between percent body fat by ADP and MAC in preterm infants. On the contrary, BMI accounted for 56.1% of the variability and mid-thigh circumference accounted for 63.0% of the variability of percent body fat by ADP (P < 0.001) in term infants.
Gender differences were not observed at baseline or discharge in gestational age, body weight, length, body circumferences, skinfolds, and percent body fat by ADP in preterm or term infants. Interestingly, data stratification based on gender revealed strong correlations among term infants ( Table 5) . For instance, mid-arm and abdominal circumferences strongly correlated to %BF in term male infants, and suprailiac skinfold strongly correlated to %BF in female term infants. However, significant, gender-based correlations were not observed in preterm infants. Results are listed as Spearman correlation coefficients. *P ≤ 0.01; **P < 0.05.
Articles
Within the first week of life, 92.9% (n = 26) of preterm infants received a combination of parenteral and enteral nutrition, while 42.9% (n = 12) of preterm infants exclusively received breast milk or fortified breast milk at discharge. Of the term infants, 92.9% (n = 26) were exclusively breastfed. During the hospital stay, 46.4% (n = 13) of preterm infants received a multivitamin and 10.7% (n = 3) received at least one bolus of caffeine. At baseline, the average caloric intake for preterm infants was 91.48 kcal/kg/d (SD = 16.59 kcal/kg/d) and the average protein intake was 3.07 g/kg/d (SD = 0.58 g/kg/d). The mean daily caloric and protein intake per body weight over the week before discharge was 111.78 kcal/kg/d (SD = 12.80 kcal/kg/d) and 3.25 g/kg/d (SD = 0.52 g/kg/d), respectively, for preterm infants. Using Spearman's correlations, significant correlations were not observed between average calories or protein per body weight per day and body fat percentage from the ADP system.
DISCUSSION
Our study provides support for previous research indicating that preterm infants near or at term-corrected age have a higher percent body fat than infants born term (5) (6) (7) (8) . Furthermore, our findings indicate that anthropometry, skinfolds, and ADP are efficient to detect significant differences in body composition between preterm and term infants at hospital discharge. Interestingly, the increased body fat of preterm infants suggests that current recommendations are not effective to achieve normalized body composition postnatally.
We demonstrated that preterm infant body fat percentage is higher than term infants upon gestational age correction. This result suggests that the effect of prematurity on preterm infant body composition may be occurring as early as the first week of life. Overall, preterm infant body fat percentage demonstrates an upward trend as age approaches term corrected age (Figure 1) .
Skinfold measurement was added to the study protocol midway through data collection resulting in a smaller sample size. Nevertheless, these data show that subscapular and suprailiac skinfold measurements were larger in preterm than the term infant group at hospital discharge. This result suggests that subcutaneous fat deposition is occurring in preterm infants. Interestingly, tricep and bicep skinfold measurements did not vary between cohorts implying that subcutaneous fat deposition occurs centrally. While fat deposition may also occur viscerally, the methodology of this study was not geared to differentiate between subcutaneous and visceral body fat.
Importantly, we identified reliable methods of body composition measurement that correlate with body fat percentage in preterm and term infants when the ADP system is not available. Our findings indicate that MAC and suprailiac skinfold are significant covariates of percent body fat in both preterm and term infants. Percent body fat by ADP and MAC trend upward in a similar manner in preterm infants (Figure 2) . As hypothesized, ADP correlated strongly with suprailiac skinfold and moderately with mid-arm and mid-thigh circumference in preterm infants. Unexpectedly, abdominal circumference and tricep, bicep, and subscapular skinfolds did not statistically correlate with body fat percentage. Thus, while body weight is recommended as a growth assessment tool in preterm infants, coordination with a variety of body composition methodologies may provide a better analysis of growth quality.
Our results indicate that gender, stress, and calorie/protein intake may not play a significant role in body fat deposition. Current research correlating gender differences to infant body composition is unclear. This study suggests that covariates of body fat may be gender specific in term infants, but not preterm infants, as evidenced by the strong correlations reported in term infant males and females. Salivary cortisol varied between preterm and term infants only at baseline, suggesting that within the first days of life, preterm infants are under more stress than term infants. However, salivary cortisol levels did not correlate with body fat percentage. To note, the study was not able to control for factors that affect salivary cortisol levels such as sleep cycle or recent exposure to care-giver activities or clinical procedures (14) . Lastly, the lack of correlation between preterm infant caloric intake and body fat is consistent with other research studies (5, 15) . However, unlike this study, other studies have shown a relationship between protein intake and lean mass (6, 16) . Overall, the current study results on gender, salivary cortisol levels, and dietary intake need to be interpreted with caution due to the small sample size.
In conclusion, this study provides a foundation to test interventions designed to modulate fat deposition and improve growth quality of preterm infants. We demonstrate that infant body composition differs between preterm and term infants and that MAC and suprailiac skinfold for both preterm and term infants are accurate, low-risk, methods to assess infant body composition when ADP techniques are not available. 
